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Description 



Technical Field 

replicating heterologous DNA sequences in plants. 
, 0 B ackground of the Invention 

" Advances in recombinant DNA technology and genetic engineering have provided a^mew. for 

mmmm 

enC °W»J vector systems twe been .....eped ton 

mmmm 

bacterium to p.ant cells when Agrobactenum '^ nN ^ ^^^^ grates Into the 
pineal usl in the stable transformation of who.e plants to effect such improvements as ,ncreased plan* 
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resistance to herbicides, resistance to other disease fact 0™^^ pr^P^- 'n~^ 

5 number of introduced DNA sequences, and exhibits a whjch contains a DNA . rat her than 

„ 9sm ,„ivi,u S es indude ton* g=M« .-"»«= ,98% L CaLa latent virus (CLV) 

TUTaa'a "I" DNA anda DnT sS, KT« a—uses »h - n— MX 

40 molecules which function as plasmids in plant cells (Buck, i«bJ . a pia*n 

episomal DNA molecule capable of autonomous replication in a host QNA must be capab | e 0 f 

manner - , ., „ lioH to a nucleic acid (e q DNA or RNA) sequence (molecule) or gene 

so « a rc,rrx^^^ 

geminivirus genome. 



55 Summary of the Invention 
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autonomous replication of the plant p.asmid in a plant cell. In one preferred embodiment, the heterologous 
DNA sequence is inserted into the geminivirus coat prote.n gene. 

"':,„ embodiment, methods and compositions .0. creating the plan, p.asmids and plan. 

™r:^zr:^^™^ » - *— « • *— ,a * he,era,o9 ° us > 

P0 'T„t,f»t£ ^0* ^methods »d conditions for cre.,n g 9 .ne«ca,,y transformed plan* able 
to produce a desired polypeptide in enhanced amounts are provided. 

Brief Description ot the Drawings 

" ,n ,h. following dia 9 ,am,,ic",ep,.s,n,,,,ns. the ^^S^'^TSl 

the coding sequences. Only relevan, genes .0, ample*, 

;:=d. T r^r^= 

fig - ■ m e s^trsrs ^::r 9 rr.p= — 

EcoRI restriction endonuclease site tandem copies of TGMV a uiw. me 

DNA^gm border RK2 shown as a blackened area denotes a bacterial on 91 n o.repl,ca on 

Savage s!tes contained within P MON505 at the designated site. Spc/Str" denotes a 

teJ^TZ^Z PMON352 which carries a dimer of TGMV-A DNA as directly 
Sg DNA sequences. TGMV-A DNA sequences are shown as blackened areas and the 
hatched box denotes the TGMV common region. ^;< ip{i as labeled 

depicts P MON352 wherein the relevant DNA coding sequences are ident.fied as labeled 

- sSSsSSsasss: 

PIG. 10 Sets' the construction of P MON373 and P MON370. The blackened area on P MON370 



FIG. 6 
FIG. 7 
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FIG. V 



FIG. 12 
FIG. 13 



denotes TGMV-A DNA and the hatched box denotes the TGMV common region 

Si". TT^VS^tt^ZZ =£J 

A DNA Including the TG M V common region (hatched box), CaMV 35s promoter anc I CAT 

the coat protein coding sequence. The blackened area on pMON382 represents TGMV a 
DNA sequences and the hatched boxes represent TGMV common region ^ 
depicts P MON382 wherein the relevant DNA sequences are identified as late ed hereon 
depicts fre construction of P MON383 comprising P MON381 hav.ng inserted therein in ^place 
oUhe Sad to Hind.l. fragment the blackened Sad to Hindlll fragment from P MON379. The 
open Wangle denotes a deletion of the Clal to BamHI fragment from TGMV-A DNA. The 

hashed box a ; d \ he blacken ed circle denotes the polyA signal DNA coding sequence, 
depic s the construction of pMONe comprising pMONc ^'^^^ 
area) isolated from pMONd and inserted into the EcoRI restr.ct.on endonuclease s.te 
pMONc. The hatched box denotes the CLV common region. 

Sepicts the construction of pMONf comprising pMONe carrying a Mkt Sad to Hmdm 
fragment (blackened area) isolated from pMONb and .nserted ,nto the S c.H.ndm s ,te n 
nMONe The hatched box denotes the CLV common region, and the blackened circle 
SeTes the polyA signal DNA coding sequence. The relevant DNA coding sequences on 
SS^r:^n a Tp= comprising pMONSOS having inser^d ,er^a 
-nm«nt rrf TGMV-A DNA including the TGMV coat protein promoter and the IGMV 
I ^i^n and a chlmphen 'co, acety, transferase (CAT) gene. The b.ackened line 
denotes TGMV-A DNA and the hatched box denotes the TGMV common W"- 
depicts the construction of P MON417 comprising pMONSOS having inserted therein a CAT 
oene denoted by a dotted line and flanked at both ends by a TGMV-A DNA segment, 
denoied by a blackened line. The hatched box denotes a ™™™T^6 hereon 

' G - of ?ep cat^X for P BR322. an octopine synthase (DCS) gene and a octopine-type Tl T- 

DN A right border sequence (ORB) wherein the ORB is denoted by the blackened tnangle. 



FIG. 17 



FIG. 18 
FIG. 19 



FIG. 20 



FIG. 21 
FIG. 22 



FIG. 23 
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FIG. 27 
FIG. 28 

FIG. 29 
FIG. 30 
FIG. 31 



depicts the construction of pMON809 comprising pMON801 in which the NOS- NP^NOS 
DMA seauence has been replaced with a DNA fragment contammg a 35S promoter 
sequence (35S). a dihydrofolate reductase coding sequence (dhfr) and a nopahne synthase 

"Ss "dVa SENSES? L deno.es ,h. TGMV en™, region CAT 
Stf^NA »aueLs coding ,0, eh.or.mpnenieo. «ce,», .r.ns.eraee « 

the broken line denotes directly repeating DNA sequences. 
Detailed Description of the Invention 

andcWmencl^-q^o.g.r^ich^j^J^^ ^ ^ typ|ca||> 

plant cells more useful agriculturally or medicinally. b0 produced in enhanced 

, such conventional techniques as chemical qeminiviruS es is now known as are the 

, LSo'na S e,„.nce co«g -or . c« ^"e^n^t 
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the -1- component of bean golden mosaic virus (BGMV), the "1" component of cassava latent virus (CLV) 
and the "A" component of tomato golden mosaic virus (TGMV). m0 |ecules of 

hereinafter generically referred to as the common regiu conserved DNA sequence, 

„ application to ab aded r cut plant s "*» s .^ a poly-L-ornHMn.. mico-inioetion, o. elsctroporation. 
^ STLE mS U. is unda^d oy «. «Nd ,n the .-. 

that « Ti ptonid sys.ams '^^TJ^Z^^c™^ of gemlnivirus 

autonomous replication of P'asmri DNAm a plant eel For use p ^ heterologous DNA 

comprises an Agrobactenum tumefaciens T-DNA, a , tin* lmn* ^seg aem inivlrus DNA which 

55 sequence and a segment of the comprising a 
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of a plant plasmid from said plant vector. In both vectors, the heterologous ^^^S^Z 
sequence coding for a polypeptide and/or a DNA sequence cod.ng for a polypept.de that causes 
synthesis of a desired chemical, compound or polypeptide. 

5 independent Replication of Coat Protein-Encoding DNA in Plants 

As detailed in the examples below, it was first discovered that the A DNA (component) of TGMV, which 

used interchangeably and all refer to the TGMV- A DNA shown ,n HQ. 1. &m a riy thet ^ rms ^ MV 
DNA" and "TGMV-B component" are hereinafter used interchangeably and all refer to the TGMV 
, 5 shown in FIG. 1L were introduced int0 p | ant cells by means of 

a Jg^ 1^^::, not become inserted into the £ 

p,ant 9 ce„s. TGMV- A and -B components ^ ^f^^^^^^ 

Pmun^u cointegrate Ti plasmid having a functional, disarmed T-DNA. 

but not limited to, pT 'B6S3 SEE to ~™ a the P TiB6S3-SE plasmid has been deposited with 

rlfcc and has been given ATOC IcceTsion number 53304. A similar construe, was made to, ^ e 
^ImV-B DNA whteh was Obtained as a 2508 base pair (bp) Clal insart in (he Clal arte of pAT153 to yield 
I™ (Bisio o al DNA o( PBH602 was cleaved with Clal. the 2.5 kb Iragment was punted and 

" £2 o'pS 0 « had also P b»n cleaved with Cla,. One o, » Pr^*SSS"S 2B 

cSe 9 ra»d into the re sident, disarme d P TiB6S3-SE plasmid were each used separately ,n the leaf d.sc 
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transformation procedure (Horsch et a,., 1985) to obtain ^^^^^ gtSn^S 
and tobacco (Nicotiana benthamiana) plants. Plants were regenerated .n the presence of kanarr^ ^ 
described pr eviously (Horsch et al., 1985) and produced nopahne as e> quoted ^ P»jj " 9 
pMON200 derivatives. These plants, which contained integrated copies of e.ther the two TGMV-A cop.es or 
three or four copies of the TGMV-B DNA, were normal in morphology. o n „ t hPrn 
The structure of the TGMV-A or -B DMAs in the transformed plants was determined by Southern 

the agarose gel. Any restriction endonuclease which does not cleave the A or B DNAs may, therefore, 



^duplicate ge.s were run for DNA separation. The separated DNAs ^J^l^^Z 
filters and each filter was incubated separately with either rad,oact,vely-labelled TGMV-A specfic : ctoned 
DNA (pMON^49 FIG 3), or TGMV-B specific cloned DNA ( P MON350, FIG. 3). The construe ion of he 
DNA ( P MUNj4a, _ ^ ^ F|Qs 3 5 F1Q 3 respective | y . As a p0Sl tive control 



PMON349 and pMON350 plasmids appears in i-iiaa. o ' — ^^T: ^ TGMV virus- 

fnr the oosition of the various TGMV DNA forms, total DNA prepared from the leaves of TfaMV virus 
ZeZ TZte^ Plants was separated on the ge.s. For a negative control, total DNA from untreated 
petunia plant leaves was separated on the gels. TGMV-B 
In the positive control, TGMV virus-infected N. benthamiana plants, both the TGMV-A and TGMV B 

DNA showed the same forms as the virus infected plants. These forms on y contained TGMV-A 

and no TGMV-B sequences. Leaf DNA prepared from a pMON308 plant did not show any free DNA fonns. 

No hybrSon wtth cloned TGMV-A or cloned TGMV-B DNA occurred with total leaf DNA from uninfected 

''^hese results demonstrated that the TGMV-A DNA contains all of the functions necessary ^ repHorton 

A comDonent showed no symptoms of virus infection (e.g. disease symptoms). 

Tddlnal studies employing various cointegrate Ti plasmids carrying less than two complete tandem 
copies^' the TGMV-A component revealed that plants regenerated from plant tissue trans formed w h these 
co eg ret plasmids similarly contained freely replicating TGMV-A ^"ST^X 
olasmid DNA containing a coat protein-encoding geminivirus DNA, exemplified by TGMV-A DNA, can be 

eated in pit cl frem plant vector DNA and/or plant chromosomal ^^X^ZZTZ 
non cointearatinq (eg binary) plant vector constructs containing a coat prote.n-encoding geminivirus DNA 
ZZZ^ ^W M segments which permit release (e.g. via recombination and/or replicat.on) 

of ^XTtC^ ™ herein - those ski,l 1 in k the 

art a d — the oplaMength and degree of nucleotide repetition of these '^J^ 
DNA sentiences It is believed that such directly repeating flanking DNA sequences should comprise from 
about to 0 base pairs in length, with a preferred length of about 250 to about 600 base pair and a 
1, nmferred lenath of about 600 base pairs. In preferred embodiments, the degree of nucleotide 
■ SStKreS^e^ repeating flanking DNA sequences is about 100 per cent especia y £ 
ower nucleotide lengths. Additionally, such directly repeating flanking DNA sequences wh,ch m, the 
release of plasmid DNA from a given plant vector and/or plant chromosome can be , de nvec I from 
nJZfvirus DNA (see for example. FIG. 31) or, alternatively, can comprise a heterologous DNA sequence. 

coat protein-encoding DNA lacking or interrupted in the coat protein cod.ng sequence ,s able to replicate in 
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plant cells, whole virus is not " 

deletion experiments in accordance with the f !^» ^"^ 8, a a di8 gr«mmallc representation of the 
,n accordance with the present .nven.oa R£ pr ente a g ^ ^ ^ ^ 

formation of a plant plasmid, shown as P^^^J^ for , preferably, a Ti plasmid delivery 
invention, denoted P MON382, where.n the P 1 ^ ^ or ,s " n ^ *° a , plasm id as arising from a 

system. Although the ^^J^^,^^ ^ ^ P-asmid can alternatively 
chromosomally integrated .ntermediate form of the ' P' ant Jhus whjle the dia grammat,c 

arise (e.g. by recombination and/or replication ^^j^^, the vector can a.ternativeiy be 
plant vector is preferrably employed >^^J?%^ t ^ pla nt vector exemplified in FIG. 31 
employed in conventional free DMA ^^^^ b y excising the T-DNA and transforming a 
can be further modified for use ,n a free DMA de[ " e ^r™ lrt Furthermore, as described more fully 
p ,ant celi with the remaining linear ^^^^^^ the ,0rmati ° n ° f <™ 

' ^^l^^^Z^* segLnt of a coat protein-encoding gemin.v.rus 
S^which peri autonomous rep.ication of plasmid DNA in a plant cell. 

Consjructo^^ 

° Having now demonstrated that the ^^^Z^^Z pCS^S^ 
the TGMV-A component, are capable o aut ^. 0 ;;Xfmm in ntegrated state in plant genomes, such 

" ^^XZc of any vector ^J^^^Z ofT 
sequence which site does not '^^^J^^j^^^ P lasmid vector shouid contain a 
heterologous DNA sequence in a host (e fl . P^^ ^ ^sequence or gene desired to be replicated 
restriction endonuclease site for insertion of a ^^uclease s'e can be selected from existing sites in 
30 and/or expressed in plant cells. Such a ^^^^S^S by conventional recombinant DNA 
the geminivirus DNA, see, for example, FIG. 1, or may be 'ntr°auce , y „ } tQ the vector . 

techniques. Altern^^^^ Q J Qt more restri ction 

One of the criteria for select.ng and/or altering exisiing j> heterologous DNA sequences 

endonuclease sites is that such modifications and/or subsequent DNA) to autonomously 

35 would not diminish the ability of the geminivirus DNA (e.g^ fa 9 {or example , asS aying 

replicate in plant cells to an intolerable degree. ^.^^^Z^ p esence of geminivirus 
plants or plant cells transformed with the mod. .ed gemm ^ «^ cft^ ** 
feplicative forms (ss and/or ds circular DNA.) ^J^^ZT^^ sites which facilitate the 
ncfifiii restriction endonuclease sites include, but are noi nmiiBu iu, 
40 Srtiontr subsequent manipu.ations of heterology ™^ jon endonuclease site, the Sea, 
,n one preferred embodiment of the present r^^«^^ ln (see FIG. 1) was selected and 
site located within the DNA sequence ^X^o.lZsLeby determined that the coat protein 
subsequently altered. As will be disdosed m0 re fully below -t was ^ ^ 

gene, which is required for encaps.dation of the itoNiv - u i . JGMV-A DNA replication in 

45 coat protein gene - geminivirus DNA mo.ecule, 

^^^™^™^«<*° » ' n ^ ° f P ' ant P,3Smid m0,eCU ' eS 
comprising geminivirus coat protein-encoding DNA. ^ jred {or ge minivirus-A DNA 

Having now demonstrated that the coat *oT^^u«^ both shorter than the total 

50 ssrs rjttzx?^** - ~ - i - as the coat 

^SrarSed more fully in the ~ - g = — 

coat protein can be modified (e.g. ^ ted ^J^ DNA sequences inserted into 
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plant vectors of the present invention. Furthermore, as described more fully in the examples below, such 
heterologous DNA sequences are capable of being expressed in plant cells. 

In one embodiment, a heterologous DNA sequence was inserted into the coat protein gene * TGMV-A 
DNA and using an Agrobacterium tumefaciens intermediate Ti plasmid-based vector as the DNA delivery 
system into plant leaf cells, the heterologous DNA sequence was shown to replicate as part of freely (e.g. 
autonomously) replicating TGMV-A DNA in plants. As described more fully below, the geminivirus plant 
pasmid so produced in the transformed plant cells also contained a P UC18 origin of replication thereby 
enable, the plant plasmid vector to replicate in both plant and E. coll cells. This characteristic perm, ts 
"rescue" of the released double-stranded circular forms by transformation of competent E. coh cells. 
Plasmids able to replicate in more than one host cell species (i.e. plant and bacterial cells) are often 
referred to as "shuttle vectors" and have the distinct advantage of affording both the rescue of the vector 
from one host cell species (e.g. plant cells) by another host cell species (e.g. bacteria) and allowing 
conventional recombinant DNA manipulations in such other hosts as bacteria nM nN*r« /fir 

In one preferred embodiment, the starting point for creation of a gemin.virus vector was pMON505 (F G_ 
4). P MON505 is an example of a binary Ti vector. An alternative geminivirus vector can be ' ^stmcted 
employing other binary Ti vectors or a cointegrate Ti vector such as, but no : hmjtod to, pMON200 or 
PMON120 (Fraley et al. 1983). E. coli strain MM 294 carrying the Ti vector P MON505 as a plasm.d DNA 
has been deposited with the ATCC and has been give ATCC accession number 53301. .... of 

The DMON505 plasmid is a "binary vector" (Hoekema et al., 1983; Bevan, 1 984) denvat.ve of 
DMON200 (Fraley et al., 1985) in which the DNA segment (LIH) that provides homology w.th a Ti plasmid 
e^ilnnnAgrobacterium has been replaced with a small, 3.8 Kb segment of an R^ broad hos range 
plasmid (R K2 replicon, FIG . 4). This replacement results in a T, olasmid-based vector able to ephcate ,n 
Agrobacterium cells thus obviating the need for recombination between the T' ^ "^^"^ 
plasmid. As s hown in FIG. 4, a portion of the homology region was deleted from pMON20 l by | partal 
Sigestion with Ndel and religation. Next, the 3.8 kb RK2 DNA segment (RK2) ^ l '^).^' 80 ^*^ 
DTJS75 (Schmidhauser and Helinski, 1985) after cleavage with Hindlll and Smal and joined to the 7.4 kb 
fragment of pMON503 to yield pMON505. P MON505 (FIG. 4) carries a P BR322 ong.n of rephcatio .. the 
RK2 origin of replication and origin for conjugation^ transfer, a synthetic mu J^^™^ ""^ 
cleavage sites for EcoRI, Clal, EcoRV, Xbal, Bglll, Xhol, Sad and Hindlll, the NOS-NPTII -NOS chimenc 
gene for kanamycin resistance in plant cells, a bacterial spectinomycin/streptomycin resistance marker gene 
(Spc R /Str«) for the selection of P MON505 plasmid DNA in both E. coli and A. tumefaciens, an intact 
nopaline synthase gene and a single nopaline-type T-DNA right border sequence (NRB). 

As shown in Figure 5, to introduce an easily used, unique restriction site into the coat protein cod ng 
sequence. pMON305 DNA (FIG. 2A) was cleaved with Seal which cleaves the TGMV-A DNA once ,n , the 
coat protein coding sequence at base pair (bp) 791. This released a 2.6 kb ^al fragment contain, g a 
compLe TGMV-A DNA which was ligated to a synthetic Hindlll linker (5'-CAAGCTTG, New England 
Biolabs, Beverly, MA). Following digestion with Hindlll, the 2.6 kb Hindlll linear fragment was 'n*° d ^ d ' nt ° 
pUC18 (Yanisch-Perron et al., 1985) (New England Biolabs, Beverly, MA) ^^^J^^^ 
with Hindlll The resulting plasmid was called pMON344 (FIG. 5). The 2.6 kb TGMV-A Hindlll fragment was 
Then puffled from Hindllf digested P MON344 and introduced into the Hindi., site of P MON505. The result.ng 
binary vector, pMON345, is shown in FIG. 6. 

The P MON345 binary vector contains a unique Stul site located 142 bp beyond the 3 end of the NOS- 
NPTII'-NOS kanamycin resistance gene. pMON344 contains a unique Smal site located «n he oUC 8 
synthetic multilinker. DNA of pMON344 was cleaved with Smal and mixed w.th pMON34 i DMA c eaved w th 
; Stul and treated with DNA ligase. After transformation of cells and screening for a P'^_^ 
the correct orientation (e.g. directly repeating) of the two TGMV-A components, plasmid PMON352 (F GS 6 
and 7) was isolated. As shown in FIG. 7, plasmid pMON352 is a binary vector comprised of the following 
DNA segments: 

a) A DMON505 "binary" type, Ti plasmid-based plant transformation vector (1). 
, b) One copy of the TGMV-A DNA cloned as a linear insert interrupted in the coat protein coding 

JThTchimeric NOS-NPTII'-NOS kanamycin resistance gene for selection of transformed plant cells (3). 

d) One copy of the E. coli pUC18 multicopy plasmid cloning vector (4). 

e) A second copy~ollhe TGMV-A DNA also cloned as a linear insert interrupted ,n the coat protein 
5 coding sequence (5). This copy is a direct repeat of the first TGMV-A DNA msert 

Plasmid pMON352 exemplifies one type of geminivirus plant vector useful .n ^heating and/or 
expressing heterologous DNA in plants. It is anticipated that geminivirus vectors of the P MON352-t y pe , can 
be introduced into plants by any conventional delivery method. It is further anticipated that various 
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Orient 9 emini,i,us vectors useful ,n r e pl, M t,n 9 anoVor^ "'J^S- addition of an alternate 

=?D N r^^^ 

is pMON382 described more fully below. emDlovinq a Ti vector delivery 

^rrm^^^^ 

!^Si^,'X d - p r r r^i^, j„ or „ „* 
■ w^rr^*- - r^r: " s » r 

interrupted in the DNA sequence coding to he TG MV com p exKlcn ,omosomal or 

autonomously) replicate in transformed plan ce ^ fJ^J^^, pMON352 transformed leaf tissue, 

a radio-actively labelled TCjMv-a uinm or puoio op ,. flnamvC i n demonstrates the ability of 

ability to se.ect transformed leaf disc tissue on ^™^Z(^^0^-NOS) gene in p.ant 

encoding DNA (e.g. TGMV-A una), inese m thnrfiaf t er reDlicated and expressed in plant 

PM0N352 exemplifies one type of vector capable of ^^^.'T^T 't, plasmid-based delivery 
ous DNA sequences in plants. ^^J^^Z^SJ^ »™<» , ' M * 

D Tarer V emrdime„, of ,h. present invention . actors - — Cp^™ 

DNA delivery systems. Free DNA ^ »>^™« usll Informing plan, 

. r:-^?^-^- J ~ and, ° r w,essin9 he,e,ol °" 

^sT^A delivery ^^^^T^^^^ 

pss.^^^ 
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encoding geminivirus DNA segment is an entire coat protein-encoding geminivirus DNA molecule excluding 
the DNA sequences coding for the geminivirus coat protein. Additionally, while applicants do not wish to be 
bound by the following theory of mechanism, it is believed that the geminivirus common region serves as 
an origin of replication. As such, the common region is a required component of the segment of a coat 
protein-encoding geminivirus DNA contained within the plasmid DNA molecules employed to either directly 
transform plant cells or which result from transformation of plants or plant cells with vectors which produce 
a plasmid DNA in a plant cell. „ klA ^ ,• 

In one preferred embodiment of the present invention, a vector for use in free DNA del.very systems 
was constructed, briefly, as follows. As shown in FIG. 8, pMON352 DNA was digested with Hpal to remove 
the pMON505 derived Ti plasmid DNA, rejoined with DNA ligase, and thereafter employed to transform a 
bacterial host cell. After transformation of the bacterial host cell, one plasmid was isolated and named 
pMON358 (FIG. 8). i _ _ . . o „. 

The pMON358 plasmid can thereafter be introduced into plant protoplasts as free DNA using such 
conventional methods as polyethylene glycol, calcium phosphate. poly-L-ornithine (Marlon et al., 1979; 
Freeman et al., 1984), micro-injection (Griesbach, 1983) or electroporation (Potrykus et al., 1985; Fromm et 
al 1985) Plant protoplasts so transformed can then be analyzed for the presence of freely replicating 
PMON358 DNA forms employing the previously described TGMV-A DNA or pUC18 DNA probe-spec.f.c 
methods. As a control plasmid that should not be capable of autonomous replication in plant protoplasts a 
further derivative of pMON358 was created. Specifically, DNA of pMON358 was digested with Hindlll, which 
releases the TGMV-A DNA, treated with DNA ligase and used to transform bacterial cells. One of these 
derivatives, deleted for the TGMV-A DNA, was isolated and called pMON360 (FIG. 8). 

Purified DNA of pMON358 or pMON360 can then be mixed with 3 x 10 6 protoplasts der.ved from e.ther 
petunia or carrot (Daucus carota) suspension cells and subjected to a high voltage. The treated protoplasts 
can then be diluteTOo^r^wtFmedium and incubated at 25' C for 48-72 hours. At this time, DNA would be 
prepared from the protoplasts and subjected to Southern blot analysis as described above using the TGMV- 
A specific pMON349 (FIG. 3) or pUC18 DNA (FIG. 5) as the radioactively labelled probe. 

Replication of pMON358 DNA in the transformed protoplasts should give rise to single-stranded circular 
DNA characteristic of replicating TGMV-A DNA whereas the P MON360, lacking TGMV-A DNA would not. 
The sinqle-stranded DNA form would be the size expected for the pMON358 DNA (about 7 kb). 

As shown in FIG 8, the pMON358 plant plasmid contains a pUC18 DNA sequence. This pUC18 
sequence contains a bacterial origin of replication (e.g.replicon) thereby affording rescue and further 
manipulations of the pMON358 plasmid in such bacterial hosts as E. coli. As with all shuttle vectors 
described herein, it is anticipated that DNA sequences containing a yeast cell origin of rephcation such as 
one operable in Saccharo myces cerevisiae can be alternatively or additionally inserted into the plasmid 
and/or vector DNAs described herein to permit rescue and further manipulations in a yeast cell host 

Having demonstrated that coat protein-encoding geminivirus DNA can be successfully employed to 
replicate a heterologous DNA sequence in plants, additional novel plant expression vectors employing said 
geminivirus DNA can now be created. The novel expression vectors of the present invention will be useful in 
producing a desired chemical product in both plant cells and plants. The desired chem.cal products so 
produced can then be recovered by such conventional methods as affinity chromatography and/or 
conventional methods as determined by the site (e.g. plant cell or plant tissue) of production. 

An expression vector should contain all the DNA sequences necessary for both replication and 
expression of a heterologous DNA sequence in a given host along with a marker for identification or 
selection of hosts transformed with said expression vector. In some instances, the heterologous products 
coded for by the heterologous DNA sequence can function as a marker for identification and/or selection of 
transformed host cells. In the event that a transformation marker other than the heterologous DNA gene 
product or chemical, compound or polypeptide caused to be synthesized by the heterologous DNA gene 
product is desired, such conventional markers as antibiotic resistance can be employed. 

Expression of a heterologous DNA coding sequence in plants has been shown to require the following 
components: a promoter sequence operable in plant cells, a transcriptional start or leader sequence (e.g 5 
non-translated region found in messenger RNA) which is typically contained adjacent to and w.th.n the 
promoter sequence, a DNA sequence coding for translation start-signal codon, a DNA sequence coding for 
the desired (e.g. heterologous) polypeptide product, at least one DNA triplet coding for a transla ion 
terminator codon, and a DNA sequence coding for a 3" non-translated region containing a polyadenylat.on 

S ' 9n As previously stated, any promoter operable in plant cells can be employed. An operable promoter is 
understood to mean a DNA sequence able to allow transcription of a given DNA sequence in a cell Such 
promoters include, without limitation, the cauliflower mosaic virus (CaMV) 35S promoter, the CaMV 19S 
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promoter the NOS promoter and the promoter from genes encoding the small subunits , rf RuBP 

Snarly, any DNA sequence coding for 5' non-translated regions found .n any eucaryot c ce„^ refeaWy 
plant cel. mRNA molecu.es or plant virus mRNA molecules can ^^^^/J 5 ,^^ 

rill, can b employed Such DNA sequences include, without limitabon. sequences from CaMV 
geminilus and MrorTexpressed or expressable p.ant eel, genes, wherein the preferred sequences are 

Hindlll sites, consisting of the following sequence: 

EcoRI Clal BglH Sad Hindlll 
5 > -GAATTCATCGATATCTAGATCTCGAGCTCGCGAAAGCTT-3 ' 

and Hind.ll) for Sse in assembling the plant plasmid vector from its ^^^^^^ 
■ , ii»,4 ^nr-QMi tp\n Q\ A further modfication of the pUG8NL was maae uy ueieuny 

has been deposited with the ATCC and given ATCC accession number 53303 

Next, a selectable marker functional in plants and/or plant cells was added. In one preferred embod, 
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™„«, Ka„,n, y c,n rasistanea was chosen and was condoled as ^^^^Z^Z 
EcoRI and the Klenow fragment of DNA polymerase to remove the f^'^Jnf strain of E coS was 

EnglanJ I Btolabs Be,ady, MA., 5'-CATCGATG) to pen- insertion into .ha Clal s,«e o. p M ON373. Tha 
limited to the heterologous chemical products previously e™™<f* .Hmramohenicol acetyl transferase 

flfllltfll 

MM'rr^^^-U- -law a,so ooonded „ Hind,,, and 

EcoRI sites: 

45 HindHI Bglll Ncol Sad EcoRI 

5 ■ - AAGCTTTCTAGAAGATCTCCATGGAGGCCTGGTACCGAGCTCGAATTC 
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Biolabs Beverly MA 5'-CAAGCTTG) at the unique Seal site at base pair 791 of the standard TGMV-A 
S^^itonet al., 1984). This was accomplished by cleavage of pMON305 with Seal l.gation of the 
synTtic ZstoL products, cleavage with excess Hindi... the resulting 2.6 kb fragment was inserted 
into pUC18 cleaved with Hindlll to give plasmid pMON344 (FIG. 13). „ nN1J , nnr „ . the 

Plasmid DMON344 was further modified by digestion with Asull, which cleaves pMON344 once un *» 
TGMV-A DNA insert at bp 1037. and Smal, which cleaves pMON344 once ,n the The 
diaestion products were treated with the Klenow fragment of DNA polymerase and DNA hgase^ The 
S t g p^ 1. PMON376 (FIG. 13). carries the modified TGMV-A genome as ™ 
with a Sad site bounding the 3' portion of the interrupted coat protem cod.ng sequence and a H,nd.ll s.te 
adjacent to the 5' portion of the interrupted coat protein coding sequence pnmnlph , exoression 

As shown in FIG. 13, in one preferred embodiment of the present mvent.on, a compete ; expression 
vecto interrediate was assembled"* the fol.owing manner. Plasmid PMON377 was cleave with , S c. and 

fTom the common region and in the same direction as the coat protein gene. Next to this is the CaMV ^35S 
promo eV^roined ?o the CAT coding sequence (5) a.so transcribed in the same i d.rection as the NOS- 
NPTII'-NOS gene. The next segment is the modified TGMV-A genome (6) arranged w.th t e 3 en d of e 
coat protein coding sequence and its poly-adenylation signal accent to the 3 

senuence The other end of the modified TGMV-A genome is joined through the Hindlll s.te to the pUOB 
p^mid The above'eomponents represent examples of the functional components wh.ch can be employed 

""The 9 pmS"W 14, can be directly introduced into plant protoplasts by c—a, 
means Alternatively since this plasmid contains two EcoRI sites that permit the Please of the plant 
Sasm d Torn the P UC vector, the intermediate plasmid DNA can be treated by cleavage w.th EcoRI. and 
eT ear pTa! plasmid fragment introduced into plant protoplasts by ^^ITT^Tl Z 
introduction of such DNAs into plant protoplasts or plant suspension cell ™* u ™J^^™ m * 
prepared from the transformed cel.s and assayed for CAT enzyme ^ ^ 

a I 1985 As a control protoplasts are treated with an equivalent amount of DNA of plasmid pMON380 (FIG. 
5) Th ^ pMON380 plas'mid^ similar to P MON378 except that the Bam HI (base 1354) to C.a. base 1814 
raiment of TGMV-A DNA has been deleted. This results in loss of portions of the AL , AL2 and AL3 
(R 9 G 1 open reading frame coding information. The coat protein po.yadeny ation s.gna.s would st„. be 
nrated adjacent to the CAT gene to provide signals necessary for mRNA stability. 

~^hZ^ 

, geneX;LW T , Pj- - * —^S^ 

ONA into 9 plant ce„s. , additfo n DNA 
eq n ce 9 s capable ofgenerating the plant plasmids are introduced into the chr = e S 0 plan e s 
that if plant plasmids are .ost from the plant cell due to various causes such as instability due to «pr«»on 
, of a certain heterologous gene product, they may be readily replen.shed by release ><«*»^*^ 
from the chromosomal sequences by recombination or replication. F »*^' ^ te 9 ° US 
ouences so delivered are seed transmitted by the resultant, regenerated transformed plants 
" The "onoZ ^describes a preferred construction and use of a Ti o.asmid-based expression vector which 

. PT ° d ^T^^7" S)"- cleaved with Stu, and EcoRI and n^xec .with pMON 5 2, 
5 DNA so^cleaved wi^ L and EcoRI. The P M0N521 plasmid is a derivative of ^ pMON 05 , from wh, the 
unique Sma. site was deleted by cleavage with Xma., filling in the ends by ^ n '^^Z 
fragment of DNA polymerase and ligation. The plasmid resultmg from the jo.n.ng of fragments from 
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PMON377 was ^^^tnamydn resistance, the 35S promoter and CAT coding 

plasmid PMON38J JS shown ^ ^ jso|ated ^ pMON3?6 

DMON382 is comprised of the following DNA segments: 

a) A DMON372 "binary" type, Ti plasmid-based plant transformation vector (1). 

SJ^SiS^^^^S-" o—ed plan.c* ,3, 
d) The 35S CaMV promoter (4). 

T^l^m^Ztl^ as a .near inser, intended in .he coa, - J""" 

f) A copy ot me mi trmv-A DNA is a direct repeat of the first common region insert (2). 

be useful in bo.h replicating and expressing heterlogous DNA ^^J^*^ TeMV . A qna wa s 
o, such an expression »ec,=r „orn *. - ^^".SS ^'o lVS ^double stranded 
CLV-1 DNA One plasmid of each orientation can be saved (FIG. 20) and called pwiurNa ana p 
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pMONd (FIG. 21). NOS-NPTU'-NOS kanamycin resistance 

bounded by'two common regions and carrying a ^-^^ pMONo Ia ^(2 ug c n be digested 
promoter joined to the CAT gene, the foliowmg ™ * ^^'^^ C LV DNA and further 
with Sad (4 units) and Hindlll (4 units) to release the 2.6 kb coat proton «P te 

digested with Pvul (4 units) to inactivate the pUC portion of ^^^J^S^knim (2 units), 
be combined with 1 UQ of pMONe DNA that has been ^-^h Sac. punrt. and { 
Following treatment with ligase and transformation c ^ with Sac. and Hind... to 

application. 

Microor ganisms and Plasmids 
40 The following microorganisms are available from the American Type Cu.ture Election (ATCC), 12301 
Park.awn Drive, Rockville, Maryland, 20852, U.S.A.: 
ATCC 53303 - E. coli MM294 (pMON295) 
ATCC 53304 - E. coli MM294 (pMON305) 
ATCC 53301 - E. coli MM294 (pMON505) 
45 ATCC 53302 - Agrobacterium tumefaciens GV31 1 1 -SE (pTiB6S3-bt) 

Materials and General Methods 

(Piscataway, NJ) and used according to the manufacturer's instructions. 
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Pfasmid DNA ,o, rapid seeing was prepared by ^^1^7^ 
Burk. (198,). Large scale plasmid DNA purifications were don. ceo d^g o Dav,set al ( ) 
*. modified alkaline lysis procedure of sh-Horow, »d B W^J^ 

-^rsi^rre^ 

m ell: ,~L Schu, Keene, NH> -^^"^S "nrble. - - 

b^nTs^^^ 

~°«l P gT«'- — — - in " an!,0,ma,i ° n 

LE392 and MM294 (Maniatis et al.. 1982) 
JM101 (Vieiraand Messing, 1982) 



MaS E.CO» strains were transformed according the methods; Man,a,,s . I . ( 9 82 >. ^ 

OnTbrath (LB) and plates were prepared as d.sc*«J by Dav,s et . L ( 
sterilized and stored teen, were used in the ^^^7^1^. the medium also 
5ZS r, 6 m°, ( iS,^^~^: Xga, ( ,bro m .- 4 .ch,oro,,nd„„,., 
gefellopnoresis was performed in ms-acetate ^TA tu^ containing , ug/m, ethidium 

bromide as described in Man,* e, ^^^^^"'^ - * 

isolation of DNA from plant materials was earned out s ng »P" <»° ^ Can0 „ and 

final concentration of 0.1 units (U) per m ^J^^ c n ^^^ (IN EN 408, dich.oroacety.-1, 

plates were air dried and exposed to x-ray film overnight. aaa rose gel, prepared 

For Southern blot analysis, DNA (usually 0.5-^. ug) was ^^^^^^ ^paLon 
as described above, containing 1 uflAnl J^^'JSSms^O seconds. Next, the gel was 

was achieved (4 hours at 85 V). The gel was then. exposed to I ^^ or , hen rjnse(j with distilled 
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buffer containing boiled and quenched -P-.abel.ed probe J DNA (Rig by et * 1 ^^^SDS for 
After hybridization the nitroceiluiose ^ T^SDS for 30 minuted at 65' C. The 

^^^^ ^ pSc £ 5S£ * X-ray film * V isua,e DNAs that 
5 hybridize to the radioactive probe. 



Example 1 



The tollowlno e-amp.e demonstrates the ****** - ^^^^ I H££!t. 
„ ,0 establish autonomous -ep.ioa.ion o. the coa, >««^a^Mj-iTTOS?-B component DNAs 

arsrs^ss-s — d pMs * aiso d8soribed - 

a. Construction of pMQN305 

' 5 . m- ♦ ,i iqr^ DNA (20 ua) was digested with EcoRI (40 units) and the 2.6 kb 

Plasmid P BH404 (Bisaro et ^ s f t was mixed wit h 0.1 

TGMV-A fragment was punfied using NA-45 membrane. w ° "9 » H phosphataS e. After 

^ o, P MON200 DNA that had ^^^^^^^^ resistance, fifty colonies 
ligation and transformation of E. col. MM294 cells with se.e P endonudease analysis wit h 

with the structure shown in Fig. 2. This plasmid was called P MON305. 

b. Construction of pMON308 and pMON309 

25 ,ono i D - a i -i qr?\ DNA (20 ua) was digested with Clal (50 units) and the 2.5 kb 

Plasmid pBH602 (Bisaro et al., 1982) DNA (<tu ugr wc * y pMON200 
TGMV-B fragment was purified. Two ug of the pur ifiec ^^"^ ^ Z caS alkaline 
(Fraley et al., 1985) DNA that had ^ P™°£ J ^ ^, ^.^nomycln oolonle. 

structures shown in Fig. 2. 
35 c Creation of Plants Containing TGMV- A or -B Component DNAs 

« reasonable size (1 5-2.5 cm) .hey we,. ™V,h?Zot embeSd Jinto the medium to stimulate ,00. 
So^^^^ 

leaf tissue con.i,med expression of ^ ^'"^^Z "0 «g/ml kanamycin. Seeds capable 
inheritance of the NOS-NPTII'-NOS gene from the transformed parent plants, 
d. TGMV-A and TGMV-B Components in Tranfo rmed Petunia and Tobacco 

55 Total DNA was isolated from petunia and tobacco ^J" 
PMON305, electrophoresed on 0.8% ^ 

^^^^^^^^ ™Z* "~ - — ^ 
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experiments were performed as follows. Leaves of kanamycm „„ re in0 3 culattd „|, h 

oofained by transform*™ with A, a l^™™£^Z»,^Sy^ 

tumefaciens containing either pMONJUB or piviu o p ro qeny from these crosses 

^etOnOTown to contain integrated f ^^^^^ Z s^le Mendelian inheritance 
displayed symptoms characteristic of ^^^^vVe^ponert from the other. This result 



pMON308 or pMON309 
Example 2 



-B DNA forms, 
a. Construction of pMON344 



25 To construct P MON344, it was necessary to first alter the unique Seal site j located in ? the coat protein 
coding sequence of TGMV-A to a Hind,., site ^ s was of 40 ng of 

with 10 units of Seal. The Seal cleaved pMON305 DNA was ^ e * tea w ' 1 J c the H e was 

synthetic Hindlll linkers (5" -pCAAGCTTG, New England *"***^" trea ted wth excess Hindlll (20 

30 heat inactivated at 70'C for 15 minutes cooled to room tempe ^^^^ ^ DNA which 
units) for 3 hours at 37'C. Approximate^ 25 ug of ""S,^^ 1 j M 101 cells were 

had been cleaved with Hindlll and treated with calf ^^^^^^ immca ^. 
transformed with the ligation mixture and selected on LB "^l^U^ These colonies were 

two of which were white indicating that they carried ^^^^S^. Restriction enzyme 

35 grown up in ampieillin contain.ng media , and ° s C 0 ^d mat one of these was correct. Orientation of 

jrsrar^^ - — - then named 

P MON344 (Fig. 5). 
40 b. Construction of pMON349 

zi^!Z*™T^^^£££> - — - caM pM0NM9 (FI9 

3). 

so c. Construction of pMON350 

5 5 treated with DNA ligase and used to transform JM1 n °^ C ^ S . W ^ D S s el T C he DNAs W e re digested with Clal and 
saved and called pMON350 (Fig. 3). 
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Example 3 

5 be inserted. 

a Constru ction of pMON503 

saved and called pMON503 (Fig. 4). 

75 

b Construction of pMON505 
20 spectinomycin resistant E. coli MM294 colonies were f^^^^^J^Z Pstl , Sail and 



4). 



25 Example 4 



The taucln, example demotes .arious intermediate .^^^Ei TS.A 
TGMV-A component .0, insertion into a Ti plasm.d for ^"^^^X^to ««» a coal 
DNA is — d » ,ja, IXZ^TZr.: ™ resin, vector 

n^eSsd r-rSdlL, system ,0 gi,e rise ,0 geminivirus p„n, piasmid. 

a. Construction of pMON345 

v.z^r^:.~z^z?~£~~ — - — 

the orientation shown in Fig. 6. This plasmid was saved and called P MON345. 
b. Construction of pMON352 

beyond the 3 end of the NOS NPTM nus g mu ltilinker. Following ligation and 

Plasmid mini-preps were made from 12 of these ana screens piasmids was 

BamHI, EcoRI, Bglll and Ndel for the correct orientat.on shown in Fig. 6 and 7. une 
saved and named pMON352. 

Example 5 

The Mo*, example demonstrates ,h, construction o, . 
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sequences for use in free DNA delivery systems. 

a. Construction of pMON358 

d. c™h nMONW DNA (1 ua) was digested with Hpal, diluted 5-fold and treated with DNA ligase 

E-rr-'r— ssrr.-=".™r: s. ~ - - - ~ 

w was saved and called pMON358 (Fig. 8). 

b. Co nstruction of pMON360 

(Fig. 8). 
20 Example 6 

The following example demonstrates the construction of various intermediate plasmids which provide for 

25 for any desired DNA coding sequence into the geminivius express.on vector P MON378. 

a. Construction of pUC8NL 

35 One plasmid showing these properties was saved and called pUCSNL (Fig. 9). 

b. Construction of pMON368 

Tla^id^^^ ug) was digested with Ndel and treated with mungb ^ea n J™* 

pMON368 (Fig. 9). 
45 c. Construction of pMON371 

Plasmid PMON295 is a derivative of pMON200 that carries a 320 bp DNA fragment derived from the 
35S promoter region cauliflower mosaic virus. The sequence of this fragment appears below and >ts 
construction is described in Rogers et al. (1985). 
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EcoRI Sau3A D £ 
S'-GAATTCCCGATCc" 



1 ' TATCTGTCACTTCATCAAAAGGACAGTAGAAAAGGAAGGTGGCACTACAAATG 



136 

CCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTGCCGACAGTGGTCCCAAAGATGGACCC 

206 

^CCACCCACGAGGAGCATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTG 

| 276 

^ATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGG 
5 1 mRNA ( ^ 

2 1Igttcatttcatttggagaggacacgctga.aatcaccagtctctctctacagatct-3' 

The nuking o, the CaMV 35S pro. ^^^^ZX^^^^ 330 
Plasmid pMON295 DNA (20 ug) was digested with 40 ™* e ™° f J nt was dige sted 

bp fragment was then purified using the NA-45 ^^^^T^moSbbB DNA that had 
vl 10 units of Sau3A. The Sau3A digested^ fragm nt was m*e w.th ug P p ^ 
been digested with Bglll (5 un.ts) and treated with ,^ *™ ^^1) DUk mini-preps were 

transformation of E- coli MM294 cells 100 .J^^^ P ^ " * 330 bp insert and with 
made from twelve of these and digested w,th Pvull to demo nstratej h p ^ ^ 

r,s°^ riirrrrs: , sy rs- l — * « 0 „e - 

these was saved and called pMON371 (Fig. 9). 
d Constru ction of pMON369 

„aon,en, o. E. coli DNA ^^•"^ZZm^^cm resign, colonies we,, obtained 
the EcoRI site and was saved. This plasmid was called P MON369 (Fib. 1U). 

e. Construction of pMON373 

~~ T, cmiH nMON369 DNA prepared from E. coli GM48 dam" cells was digested 

Twenty micrograms of plasmid pMON36 DNA p ep kanam ^ifT resistance gene was 

with 20 units of Clal and the 1.6 kb fragment. ^^rry.ng the NOb nh, mjxed ^ 1 ^ g Qf 

purified using the NA-45 * ^ 

PMON371 DNA that has been d.ges e in 2 un.s of Clal and ^ q 

ligation and transformation of E. coli MM294 cel,^ ' d Tested with Clal and Bglll to show the presence of 

and called pMON373 (FIG. 10). 
f. Construction of pMON370 

ng of synthetic Clal linkers (5'pCATCGATG, New En a d ^^J^ J were added to 

ligase. After digestion of the ligation ^ J^ Q ^ Following 

5 S^^SSS "cVrS/ptrr^ and c'lled PMO^O <B, ,0, 

g. Construction of pMON374 
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P,asmid PMON370 DNA (5 ug) was digested with C , 
DNA that had been digested with Clal (2 units) and treate CS-lned. DNA mini-preps 
and transformation of E. coli MM294 cells, ^^'^^^S^™ spectinomycin. Six of the 
were made from twelve of these colonies that were sele Kted ' ^ four of these 

colonies carried the 1 kb Cla. fragment. 8creen.no by gesbon with EcoRI s ca||ed 
plasmids carried the Clal fragment in the onentat.on shown in F.g. 12. Une 
pMON374. 

h. Construction of pMON550 

~~, ' „ , iqfvn DNA (1 uq) was digested with Hindlll (2 units) and EcoRI 
Plasmid DUC19 (Yanisch-Perron « *£*>°^ ^ Fo ,| 0wing ligation and transformation 



. Construction of pMON375 



Piasmid P MON2414 (Pig. 12) DNA (20 ug) ^ 
carrying the chloramphenicol acetyl transferase (CAT) codmg sequence p evjous|y 
membrane method. The fragment (2 ug) was ^^^^^^ ga tion and transformation 
digested with Ncol (5 units) and treated with calf alkaline P^P^ 6 ^ 0 ^ ^ 9 ^ from 

o'e. coli MM294 cells, about 500 ampicill.n colonies w .re obta on LB plate s 
twelve"* these. The same ^ ^cH^ «S2 ^^STchtormnphenicol. The- 
rcS SSS P^o" ,„ the orientation shown in Pig. 12 . One of 

these plasmids was saved and called pMON375. 
j Construction of pMON377 

(50 ug) was ^^^S^M^^^ 

960 b P fragment carrying the CAT coding s ®^ ue " ^ ^M0^374 rJNA that had been digested with Bgill (5 
This Bglll-Sacl fragment (lug) was mixed with 1 1 ug of P™ 7 4 UNA m 

units) and Sad (3 units). Following ligation andttwjm^ | chloramp henico.. DNA mini- 

co ,onies were obtained. These co onies ™^J%£^^t« digestion for the presence of 
SOT -rj^^ - coU structure (Pig. 12) was saved and cal.ed 

pMON377. 
3 k. Construction of pMON376 

and treated »ith the targe Kleno» fragment e DNA ««■ ™ W ; n « in ? prep was made ««J Reeled 

was saved and called pMON376 (Fig. 13). 
I Construction of pMON378 

„ "^^bTna (20 ug) was ^^^^^l^^^™ 
resulting TGMV-A 2.5 kb fragment was J* *J Z Z^oZg ^ou a,6 Uansio^o^ 

PMON377 DNA (1 ug) that had been ^^ ^"^^^Lie of these colonies and 

z^^^^^ :Z:::z::: r^ correct insert and "° EC0RI 

55 Seated 5.4 kb apart was saved and named P MON378 (Figs. 13 and 14). 



Example 7 
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The following example demonstrates the construction of plasmid pMON380 via an intermediate plasmid 
pMON379. pMON380 carries a TGMV-A component in which every major known reading frame has been 
interrupted. pMON380 is useful as a negative control in free DNA delivery systems as the TGMV-A DNA so 
delivered should be unable to replicate in transformed plant cells. 

5 

a. Construction of pMON379 

One ug of plasmid pMON376 DNA was digested with Clal (2 units) and BamHI (2 units) and treated 
with the large Klenow fragment of DNA polymerase. Following ligation and transformation of E. coli MM294 
io cells, ampicillin resistant colonies were obtained. DNA mini-preps were made from twelve of the colonies 
and digested BamHI which cleaves the deletion derivative and with Clal, which does not cut the desired 
deletion derivative, prepared in a dam + cell like E. coli MM294, and Hindlll and Sad to identify the deleted 
fragment which was approximately 1.9 kb in sizerOnFof the plasmids with these characteristics was saved 
and named pMON379 (Fig. 15). 

75 

b. Construction of pMON380 

Plasmid pMON379 DNA (20 ug) was digested with Sad (20 units) and Hindlll (20 units) and the 
resulting 1 .9 kb fragment purified using the NA-45 membrane procedure. The fragment (3 ug) was mixed 
20 with 1 ug of pMON377 DNA that had been digested with Sad (2 units) and Hindlll (2 units). Following 
ligation and transformation, ampicillin resistant colonies were obtained. DNA mini-preps were made from 
twelve of these colonies analyzed for the presence of the 1 .9 kb Sacl-Hindlll fragment. One of the plasmids 
showing this structure was saved and called pMON380 (Fig. 1 5). 

25 Example 8 

The following example demonstrates the construction of various intermediate vectors which provide for 
the conversion of pMON378, useful as a vector for free DNA delivery systems, to pMON382, useful as a 
plant plasmid vector for Ti delivery systems. Specifically, the pUC DNA sequences carried on pMON378 
30 were replaced with pMON505 DNA sequences. 

a. Construction of pMON521 

Plasmid pMON505 DNA (1 ug) was digested with Xmal (2 units) and treated with the large Klenow 
35 fragment of DNA polymerase. Following ligation and transformation of JM101 cells, 80 spectinomycin 
resistant colonies were obtained. DNA mini-preps were made from twelve of these colonies and digested 
with Smal to show loss of the Smal (Xmal) site. One of the plasmids that had lost the Smal site was saved 
and called pMON521 (Fig. 16). 

40 b. Construction of pMON372 

Plasmid pMON120 (Fraley et al., 1983) DNA (20 ug) was digested with Stul (20 units) and EcoRI (20 
units) and mixed with lug of pMON521 that was digested with Stul (2 units) and EcoRI (2 units). Following 
ligation the mixture was digested with 20 units of Smal and used to transform E. coli MM294 cells. Over 400 
45 spectinomycin resistant colonies were obtained. DNA mini-preps were made from twelve of these colonies 
and screened for the absence of an Smal site and loss of the 1.6 kb NOS-NPTII'-NOS fragment by absence 
of a second BamHI site. One of these plasmids showing the correct structure was saved and called 
pMON372 (Fig. 16). 

so c. Construction of pMON381 

Plasmid pM0N377 DNA (20 ug) was digested with Sad (20 units) and EcoRI (20 units) and the larger 
3.5 kb fragment purified using the NA-45 membrane procedure. Five ug of the purified fragment was then 
be mixed with 1 ug of pMON372 DNA that had been cleaved with EcoRI (2 units) and Sad (2 units) and 
55 treated with DNA ligase. Following transformation of E. coli MM294 cells, about 100 spectinomycin resistant 
colonies were obtained. DNA mini-preps were madelroTrTtwelve of these colonies and digested with EcoRI 
and Sad to show the presence of the 3.5 kb insert. One of the plasmids carrying the insert was saved and 
called pMON381 (Fig. 20). 
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d. Construction of pMON382 

Plasmid pMON376 DNA (20 ug) was digested with Hindlll (20 units) and Sad (20 units) and the 
resultant 2.5 kb fragment was purified using the NA-45 membrane procedure. Two ug of the fragment was 
5 mixed with pMON381 DNA (1 ug) that had been cleaved with two units each of Hindlll and Sacl. Following 
ligation and transformation of E. coli MM294 cells, spectinomycin resistant colonies were obtained. DNA 
mini-preps were made from tweTve"of these colonies and digested with Hindlll and Sacl to demonstrate the 
presence of the 2.5 kb insert. One of the plasmids with the insert was saved and called pMON382 (Figs. 17 
and 18). 

m 

Example 9 

The following example demonstrates the construction of a vector which was employed as a negative 
control in the Ti plasmid delivery system. Specifically, pMON383 carries a TGMV-A DNA which has been 
75 deleted in portions of the AL1, AL2 and AL3 open reading frame coding information. 

a. Construction of pMON383 

Plasmid pM0N379 DNA (20 ug) was digested with Hindlll (20 units) and Sacl (20 units) and the 
20 resultant 1.9 kb fragment was purified using the NA-45 membrane procedure. Two ug of the 1.9 kb 
fragment was mixed with one ug of pMON381 DNA that had been digested with Hindlll (1 unit) and Sacl (2 
units). Following ligation and transformation of E. coli MM294 cells, spectinomycin resistant colonies were 
obtained. DNA mini-preps were made from "twelve of these and digested with Hindlll and Sacl to 
demonstrate the presence of the 1.9 kb insert. One of the plasmids with the insert was saved and called 
25 pMON383 (Fig. 19). 

Example 10 

The following example demonstrates the construction of pMON417 comprising a Ti plasmid having 
30 inserted therein a TGMV-A DNA carrying a CAT gene in place of its coat protein gene and wherein the 
TGMV-A DNA is flanked by directly repeating DNA segments. 

a. Construction of pMON333 

35 Two micrograms of pMON550 was digested with five units of Bglll, treated with calf alkaline 
phosphatase, and combined with two micrograms of pBH404 which had been digested with ten units of 
Xholl. After treatment with DNA ligase and transformation into E. coli MM394 cells, 200 ampicillin resistant 
were obtained. Twelve colonies were screened by restriction analysis and one which showed the correct 
construct was saved and designated pMON333 (Fig. 23). 

40 

b. Construction of pMON41 4 

Five micrograms of plasmid pMON333 DNA was digested with 10 units of EcoRI and 10 units of Xholl, 
treated with calf alkaline phosphatase and combined with five micrograms of pMON377 DNA digested with 
45 10 units each EcoRI and Bglll, treated with DNA ligase and used to transform E. coli MM294 cells. Twelve 
out of 1 73 ampicillin resistant colonies were subjected to alkaline lysis and screened by restriction analysis. 
One colony that showed the correct pattern was saved and designated pMON414 (Fig. 23). 

c. Construction of pMON351 

50 

Two micrograms of pMON345 DNA was digested with five units of EcoRI, diluted five-fold, treated with 
DNA ligase and used to transform E. coli MM294 cells. Mini-prep DNA from 12 of approximately 250 
spectinomycin resistant colonies was~scrieried for the loss of a 2.8 kb EcoRI fragment. One colony which 
had lost the fragment was saved and designated pMON351 (Fig. 24). 

55 

d. Construction of pMON416 

Five micrograms of pMON414 DNA was digested with 10 units each Hindlll and Asull, mixed with five 
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25 



Programs of PMON344 previous, digested with 10 f^^^^^^OcZZ 
and used to transform E. coli MM294 cells selecting ^^^^S^^ the correct restriction 
were subjected to alkaline lysis and restriction enzyme analysis. One colony g 
pattern was saved and designated pMON416 (Fig. 24). 

e Construction of pMON417 

£TS=XKE2S^=r- " ™ " 

Example 11 

This example demonstrates the — cX°~d 
ZZViTl^ of various intermediate .ectors are ,lso descnbed. 

I 

a Construction of pMON800 

"^^^"ONSO, <n 9 . fl DNA was ~» — 
Ndel and a r.suiting 7.3 Kb .ragm ent «as lornW « BR322 0* «, Nde ( ^ ^ 

fragments joined together. This plasmid was sa.ed and called PMON800 (Rg. 26). 
b Construction of pMON801 

TsT^Ia^r, to 8* (n. 1-76, «>^<°™^T£Z?Z^™?™« 
and octopine T-DNA TL right border sequence "'^^"i,,, P , y „,has. gene and 
an octopine-typ. Ti plasmid. Thus. «*^°^**£2TZJL ootopine-t»pe Ti plasmids as 

rSirrs^har^e 6 z^:t^^zz «, 9 . Th is p^ - — 

pMON801 . 
40 c. Construction of pMON809 

"^tjt^. ^r^sss 

translated region. The resulting plasmid was called pMON809 (FIG. 27). 
d Construction of pMON347 
* "^^mT^asmid P"0J^^£J^^ r^dlS^ 

S5 SZZZ ^^Z^Hii" H« shucture » saved - designated 
pMON347 (Fig. 28). 
e. Construction of pMON354 
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Five micrograms of pMON347 DNA prepared from E. coli GM48 dcm" c f^ s f^ e ^XZmeoi 
of Stul and mixed with five micrograms of pMON344 DNA digested with 10 un.ts of Smal. After treatment 
with DN^^igas^ the mixture washed to transform MM294 cells. Fifty -P^ ,,in ; S .Pf in ^ re o S ^ 
Monies were obtained and 12 of these were subjected to alkaline jy.„ ; and restriction ana.ys.s. One of 
these which showed the correct structure was saved and designated P MON354 (F,g. 28). 

Example 12 

The following example demonstrates the construction of pMON337 comprising a pMON505 vector 
having ins rt ed ?herein at an EcoRI site a complete copy of the TGMV-A component -^™» J* \ 
TGMV common region. This Example 12 also demonstrates the construction of pMON341 comprising a 
DMON505 vector having inserted therein a complete copy of the TGMV-A component contiguous w th a 
TGMV A DNA sequence that does not contain a TGMV common region. The constructs of vanous 
intermediate vectors are also described. 

a. Co nstruction of pMON337 

' Five micrograms of P MON351 DNA was digested with 10 units of EcoRI, ^X^D^dSS 
nhn^nhatase and combined in the presence of DNA ligase with five micrograms of pBH404 DNA digested 
P 2 To n ts of EcoR^ Flwing ligation, transformation of E. coN MM294 cells yielded ^ec^c, 
Tes stant colonies. Twelve of these colonies were screened by restriction enzyme analysis and one tteje 
with the 2.6 kb TGMV-A EcoRI insert of pBH404 in DMON351 in the same orientation as the TGMV A 
sequences present in pMON351 was saved and designated pMON337 (FIG. 29). 

b. Construction of pMON346 

Ten microqrams of pMON505 (Fig. 5) DNA was digested to completion with Hindlll, treated with alkaline 
ohosphatase and M gated with ten microgram, of pMON344 DNA digested with Hindlll. Trans ormation of 
mpetfn. MM^ctls yielded 50 splctinomycin resistant ^■^^^ H| ^'S e n 
screened by restriction enzyme analysis and one of these with the 2.6 kb TGMV-A Hmdlll insert of 
pMON344 in pMON505 was saved and designated pMON346. 

c. Construction of pMON336 

Ten micrograms of pMON346 DNA was digested to completion with EcoRI. Ligation of this DNA and 
transfoZionlto competent MM294 cells yielded 50 spectinomycin resistant colonie, Twe've of the^ 
colonies were screened by restriction analysis and one of these wh.ch had lost a 1.4 kb EcoRI fragment 
was saved and called pMON336 (Fig. 30). 

d. Con struction of pMON341 

Ten micrograms of P MON336 was digested with EcoRI, treated with alkaline P^ff e ' 
combined in the presence of DNA ligase with five micrograms of pBH404 DNA digested with 10 unit of 
EcoR Following Egation, transformation of E. cdi MM294 cells yielded 50 ^^iT^ 6 kb 
Twelve of these colonies were screened bfrestriction enzyme analysis and on jof ™» 
TGMV-A EcoRI insert of pBH404 in pMON336 (in the same orientation as the TGMV-A sequence present 
pMON336) was saved and designated pMON341 (Fig. 30). 

Example 13 

The following example demonstrates the creation and selection of plant cells transformed with various 
gemlivi u TecLs of the present invention. This example further demonstrates the reckon and 
expression in plant cells of heterologous DNA sequences emp.oying the gemimv.rus plant plasmids of the 
present invention. 

a. Transformation of Petunia Cells 

Leaf discs with diameters of 6mm (1/4 inch) were taken from surface-sterilized petunia (Petunia hybrida ) 
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15 



le aves. They were cultivated on MS104 a 3 ~ for. ^t^^ c^"— 
wound surface. They of^^^^W^. P MON382 0r pM ° N383 

pTiB6S3-SE and either pMON305, PMON337. ^^^^ ge P ntly . Tne discs were removed from 
which had been grown overnight .n Luna broth at 28 C and shaken g y ^ & ^ 3 

the bacterial suspension, blotted dry, ^T^ co^Z MS104 medium with 500 ug per ml 
days, the discs were transferred to selection media pM ON337, pMON341, P MON352, 

carbenicillin and either 300 ug per ml kanjmyan ^^^^^ Seated discs. Cefatox- 
KSKS ^^ST- Isforld with P MO N352 or P MON354. 

h Transformation of Tobacco Cells 

kanamycin resistant callus tissue, 
c. DNA Analysis 

Tott , DNA „as isoiaeo ,rom « - ^ - ~ ST^* pSS S 

sel.olion medium. Six discs were used for » M ^° rt fJ m °' ™ dssc , ibed . The »*P-I«b.led probe 

component, previously described. 



d. Results 



The Southern blot analysis of leaf discs tgjd ^ ^^^"J^SS^i 
band at a position predicted for a freely repl.cat.ng ds supe cojed 

kilobases (kb) comprising a TGMV-A ™^*^*^^^Ze£e6 with A. tume faciens 
gene and the NOS-NPTII'-NOS gene. For DNA P*^ 1 ™ ' e f« s predictid-loTlTfriely- 
Containing P MON354, the Southern blot analysis <™^J™ d * comprising a TGMV-A compo- 

- - C a M v 35S ^ 

PMON382 revealed a band at a position 

approximately 4.6 kb and c ° m P r,s,n 9/ G H M y-^ for CAT or NOS-NPTII'-NOS DNA 

CAT gene. The 4.6 kb band was also detected by a prd bes specr nc ^ ^ ^ 

r^^^n^ 5 ?^— ^ — — 

TGMV-A DNAs from TGMV infected plants ae minivirus-containing vectors to replicate and 

The foregoing results clearly demonstrate , the ab .My, ^^ V Xer demonstrate that these hetero.o- 
express heterologous DNA sequences in plant ceHs. resute Ju, ™* DNA sequences 

gous DNA sequences can be as large or larger <*+ A **]*™^!^ sequences in plant cells can 
, Replaced thereby and that replication and/or expres or of ^J^J^ plasmid DNA mo , eC u.e. 
occur as part of a freely (e.g. autonomously) replicating ? f | ^ jgmv-A DNA, to release 

Additional. , these results demonstrate the ability rt t ^ M ^^^^™^ molecules while 
itself from chromosomal and/or T-DNA ^^^'"^^X^ interruption and/or 
still retaining heterologous DNA sequences ' n ^^ n ( ^^ 0 2T the abi ,i, y of geminivirus coat 

5 p^otein-enco^^ * - ~ 

the T^'of the foregoing examples which demonstrate heterologous DNA sequence replication in plants in 
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ered to be equivalents of the embodiments described herein. 



Example 14 



the star, with a razor blade leaving 2-3 leaves remaining .I*™*. My * ^efSiWTOch 
containing pM0N4,7 (grown on nutrient ^ ^^Z^mC^^I. DNA ana,,* 

activity according to the method described prev.ously. A ^.^ r ^(^l^1(K» fold) were 
.eaves of stem inoculated wildtype ^^^^ J St ac £? t y dented in leaves from 
detected in the leaves of stem .peculated B plants .The low l eve.se , v ^ ^ 

■ ESSSsiSSSssssssS 

55 those novel vector, that the TGMV coat P'^^f and Tf^^-B components is reouirod for 

1;=^:^^^ — » 



of the present invention. 
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plant cell. 

2. The plant plasmid of Claim 1 in which the binary geminivirus is TGMV. 

3. The plant plasmid of Claim 1 in which the binary geminivirus DNA contains a geminivirus coat protein 
gene. 

4. The plant plasmid of Claim 3 in which the heterologous DNA sequence is inserted within the 
geminivirus coat protein gene. 

protein. 

6. The plant p.asmid of Claim 1 in which the heterologous DNA sequence contains a DNA sequence 
coding for a desired polypeptide. 

antigens. 

8. The plant p.asmid of Claim 1 in which the heterologous DNA sequence contains a gene encoding the 
desired polypeptide. 

9. The plant p.asmid of Claim 1 in which the heterologous DNA sequence comprises a DNA sequence 
coding for a selectable marker. 

10. The plant plasmid of Claim 9 in which the selectable marker is antibiotic resistance. 

11. The plant plasmid of Claim 1 which does not cause geminivirus disease symptoms in plants. 

12. The plant plasmid of Cairn 1 in which the heterologous DNA sequence contains a replicon selected 
from a group consisting of yeast and bacteria. 

-ro^enS^ 

Srst DNA segment and permitting release of a plant plasmid from sa,d plant vector. 

14. The vector of Claim 13 in which the segment of the coat protein-encoding component of a binary 
geminivirus DNA is derived from TGMV- A DNA. 

15. The vector of Cairn 13 in which the heterologous DNA sequence contains a DNA sequence coding for 
a desired polypeptide. 

factor and EPSP synthase, dihydrofolate reductase and viral antigens. 

17. The vector of Claim 13 in which the heterologous DNA sequence contains a gene encoding the desired 
i polypeptide. 

18. The vector of Claim 13 in which the hetero.ogous DNA sequence contains a DNA sequence coding for 
a selectable marker. 

35 
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19. The vector of Claim 13 in which the heterologous DNA sequence contains a DNA sequence coding for 
antibiotic resistance. 

20. The vector of Claim 13 which does not cause geminivirus disease symptoms in plants. 

5 21. The vector of Claim 13 in which the second DNA segment contains a directly repeating DNA sequence 
derived from the heterologous DNA sequence. 

22. The vector of Claim 13 in which the directly repeating DNA sequence is from about 50 to about 600 
70 nucleotides in length. 

23. The vector of Claim 13 further comprising Agrobacterium tumefaciens T-DNA. 

24. The vector of Claim 13 further comprising a microbial plasmid DNA sequence containing a microbial 
75 replicon selected from a group consisting of yeast and bacteria. 

25 The vector of Claim 13 in which the segment of the coat protein-encoding component of a binary 
Jemlirus DNA comprises an entire coat protein-encoding geminivirus DNA from a binary geminivirus 
excluding the DNA sequence coding for the geminivirus coat protein. 

20 26 A vector which produces a plasmid DNA in a plant cell wherein the vector comprises an Agrobac- 
Cerium tumefaciens T-DNA a first DNA segment containing a segment of the c°a tprotem-encodmg 
coZnenT of a binary geminivirus DNA having inserted therein a heterologous DNA sequence and 
herein the f rs t DNA segment of the coat protein-encoding component of a binary gem.mv.rus DNA 

25 Sri au o mouslplication of the plasmid DNA in a plant ce.l and wherein the first DNJ ; segmen 
is flanked by a second DNA segment containing a directly repeating DNA sequence de ^ a 
segment of the coat protein-encoding component of a binary ^-nivirvs ONA^ said second DNA 
segment permitting release of plasmid DNA from the plant vector or plant chromosomal DNA. 

so 27. A vector of Claim 26 which is pMON382. as illustrated in Figure 18 of the drawings. 

28. A vector of Claim 26 which is pMON378. as illustrated in Figure 14 of the drawings. 

29. A vector of Claim 26 which is pMON417. as illustrated in Figure 25 of the drawings. 

35 30 A method for producing a desired polypeptide in a plant cell comprising the steps of: 

Ta) transJorming a plant cell with a vector which produces a plasmid DNA in a plant cel. wherein the 

"IraTsfoNA segment containing a heterologous DNA sequence and a segment of the coat 
p oLin encoding component of a binary geminivirus DNA which permits autonomous replica on 
o thTp asmid DNA in a plant eel, and a second DNA segment comprising a d.rectly repeating 
DNA sequence derived from a segment of the coat protein-encoding component of a b nary 
geminivirus DNA, said second DNA segment flanking said first DNA segment and permitting 
release of a plant plasmid from said plant vector, and M ^w B ri 
0) an expression cassette having inserted therein a DNA sequence cod.ng for the desired 

(b)^^ transformed plant cel. under conditions which al.ow expression of the heterologous 
DNA sequence. 

50 31. A method for producing a desired polypeptide in a plant cell comprising the steps of. 
fa^ transforminq a plant cell with the vector of any of claims 13 to 29; and 

|b) cuSg the transformed plant eel, under conditions which allow expression of the hetero.ogous 
DNA sequence. 

55 32. The method of Claim 30 or 31 further comprising the step of recovering the desired polypeptide from 
the transformed plant cell. 

33. The method of Claim 30 to 32 in which the segment of the coat protein-encoding component of a 
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binary geminivirus DNA is an entire TGMV-A DNA excluding the DNA sequence coding for the TGMV 
coat protein. 

antigens 

35. A method for producing genetically transformed plants able to produce a desired polypeptide in 
enhanced amounts, comprising the steps of: mnri «inn- 

g casrrssssrs- - — — - — ■* ,o produc - *" 

desired polypeptide in enhanced amounts. 

36. The method of Claim 35 in which the plasmid DNA is inserted into the plant eel, by the method of 
Claim 30 or 31. 

37. The method of Claim 35 which does not cause geminivirus disease symptoms in the genetically 
transformed plants. 

insure growth factor, EPSP synthase, dihydrofolate reductase and v,ral anfgens. 
39 The method of Claim 35 in which the binary geminivirus is TGMV. 

protein. 

41. A process for preparing a plant plasmid by transforming plant cells with the vector of any of Claims 13 
to 29. 

42. Plant plasmids obtainable by the process of Claim 41 . 
Patentanspruche 

einer Pflanzenzelle ermoglicht. 
, 2. Pflanzenplasmid nach Anspruch 1 , in dem das binare Gemini-Virus TGMV ist. 

3. Pflanzenplasmid nach Anspruch 1. in dem die binare Gemini-Virus-DNA ein Gemini-Virus-Hullprotein- 
Gen enthalt. 

6 4. Pflanzenplasmid nach Anspruch 3, in dem die heterology DNA-Sequenz innerhalb des Gemini-Virus- 
HOIIprotein-Gens insertiert ist. 
5. Pflanzenplasmid nach Anspruch 1, in dem das Segment der hullproteincodierenden Komponente einer 
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oinaren Gemini-Virus-DNA TGMV-A-DNA aussch.ie6.ich der fOr das TGMV-Hul.protein codierenden 
TGMV-A-DNA-Sequenz ist. 

6. Pf,anzenp,asmid nach Anspruch 1, in dem die hetero.oge DNA-Sequenz eine fur ein gewunschtes 
5 Polypeptid codierende DNA-Sequenz enthalt. 

;o ydrofolatreduktase und viralen Antigenen. 

8. Pflanzenplasmid nach Anspruch 1, in dem die heterologe DNA-Sequenz ein das gewunschte Polypep- 
tid codierendes Gen enthalt. 
75 9. Pflanzenplasmid nach Anspruch 1, in dem die heterologe DNA-Sequenz eine fur einen Selektionsmar- 
ker codierende DNA-Sequenz umfa!3t. 
10. Pflanzenplasmid nach Anspruch 9, in dem der Selektionsmarker Antibiotikumresistenz ist. 
20 11. Pf,anzen P . aS mid nach Anspruch 1, das in Pf.anzen keine Gemini-Virus-Krankheitssymptome hervorruft. 
12 Pflanzenplasmid nach Anspruch 1, in dem die hetero.oge DNA-Sequenz ein Replikon ausgewahlt aus 
einer Gruppe bestehend aus Hefe und Bakterien enthalt. 

Pflanzenplasmids aus dem Pflanzenvektor ermoglicht, umfafit. 
14. Vektor nach Anspruch 13, in dem das Segment der hullproteincodierenden Komponente einer binaren 
Gemini-Virus-DNA von TGMV-A DNA stammt. 
" 15. Vektor nach Anspruch 13, in dem die heterologe DNA-Sequenz eine fur ein gewunschtes Polypeptid 
codierende DNA-Sequenz enthalt. 

Wachstumsfaktor, EPSP-Synthase, Dihydrofolatreduktase und walen Ant,genen cod.ert. 

17. Vektor nach Anspruch 13, in dem die heterologe DNA-Sequenz ein das gewunschte Polypeptid 
45 codierendes Gen enthalt. 

18. Vektor nach Anspruch 13, in dem die hetero.oge DNA-Sequenz eine fur einen Selektionsmarker 
codierende DNA-Sequenz enthalt. 

50 19. Vektor nach Anspruch 13, in dem die hetero.oge DNA-Sequenz eine fur Antibiotikumresistenz codieren- 
de DNA-Sequenz enthalt. 
20. Vektor nach Anspruch 13, der in Pflanzen keine Gemini-Virus-Krankheitssymptome hervorruft. 
55 21 Vektor nach Anspruch 13. in dem das zweite DNA-Segment eine sich direkt wiederholende DNA- 
' Sequenz enthalt, die von der heterologen DNA-Sequenz stammt. 
22. Vektor nach Anspruch 13, in dem die sich direkt wiederholende DNA-Sequenz eine Lange von etwa 50 
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bis etwa 600 Nucleotiden aufweist. 
23. Vektor nach Anspruch 13, der weiters Agrobacterium tumefaciens-T-DNA umfafit. 

5 24. Vektor nach Anspruch 13, der weiters eine mikrobielle ^^Se^ ^ «* 
les Replikon ausgewahlt aus einer Gruppe bestehend aus Hefe und Baktenen enthalt. 

. ■ fflHS3neBD«SEEaF 

rwMmmm 

20 Pflanzenvektor oder der pflanzenchromosomalen DNA ermoglicht. 

27. Vektor nach Anspruch 26, der P MON382 ist, wie in Fig. 18 der Zeichnungen illustriert. 

28. Vektor nach Anspruch 26, der pMON378 ist, wie in Fig. 14 der Zeichnungen illustriert. 
25 29. Vektor nach Anspruch 26, der pMON417 ist, wie in Fig. 25 der Zeichnungen illustriert. 

30. Verfahren zum Produzieren eines gewunschten Polypeptids in einer Pf.anzenzel.e, das die folgenden 
30 SC eren einer Pflanzenzelle mit einem Vektor, der eine P.asmid-DNA in einer Pflanzenzel- 

*7TXZt£££« anthaltend eine hetero.oge DNA-Sequenz und ein Segment der 

DNA Segment flankiert und die Freisetzung eines Pf.anzenplasm.ds aus dem Pflanzenvektor 
^nr^essionskassette mit einer darin insertierten DNA-Sequenz, die fur die gewunschten 

J^^^^^e^ -ter Bedingungen. die Expression der heterology 

DNA-Sequenz ermoglichen. 
31 Verfahren zum Produzieren eines gewunschten Polypeptids in einer Pflanzenzelle. das die folgenden 

DNA-Sequenz ermoglichen. 

50 32. Verfahren nach Anspruch 30 oder 31, das auch den Schritt des Gewinnens des gewunschten 
Polypeptids aus der transformierten Pflanzenzelle umfaflt. 

55 TGMV-Hullprotein codierenden DNA-Sequenz ist. 
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minogenaktivator, atrialem Peptid, Wachstumshormon, insulinartigem Wachstumsfaktor, EPSP-Syntha- 
se, Dihydrofolatreduktase und viralen Antigenen. 

s Polypeptid in erhijhten Mengen zu produzieren, das do folgenden Schntte umlaBt. 

^Sige DNA-Sequenz umfassend ein das gewunschte Polypeptid codierendes Gen, in 
, 5 das Genom einer Pflanzenzelle, 

Polypeptids in elhtenMengen imstande sind, aus den transferrers Pflanzenze.len. 
20 36. Verfahren nach Anspruch 35, in dem die Piasmid-DNA in die Pflanzenze.le durch das Verfahren nach 
Anspruch 30 oder 31 insertiert wird. 
37. Verfahren nach Anspruch 35, das in den genetisch transformierten Pflanzen keine Gemini-Virus- 
Krankheitssymptome hervorruft. 

len Antigenen. 

30 39 Verfahren nach Anspruch 35, in dem das binare Gemini-Virus TGMV ist. 

• 

35 codierenden DNA-Sequenz ist. 

41. Verfahren zum Hersteilen eines Pflanzenplasmids durch Transformieren von Pf,anzenze,len mit dem 
Vektor nach einem der Anspruche 13 bis 29. 
40 42. Pflanzenplasmide, erhaltlich durch das Verfahren nach Anspruch 41 . 

Revendlcations 

plasmide v6getel dans une cellule v<§getale. 
2. Plasmide vegetal selon la revendication 1 , dans lequel le geminivirus binaire est le TGMV. 
50 3. Plasmide vegetal selon la revendication 1, dans lequel I'ADN de geminivirus binaire contient un gene 
de proline d"enveloppe de geminivirus. 
4 Plasmide vegetal selon la revendication 3, dans leque, .a sequence d'ADN heterologue est inseree 
dans le gene de proteine d'enveloppe de geminivirus. 

sequence d'ADN du TGMV- A codant pour la proteine d'enveloppe du TGMV. 
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6. Plasmide vegetal salon .a revendication 1, dans .equal la sequence d'ADN heterologue contient una 
sequence d'ADN codant pour un polypeptide desire. 

■'insulins. I'EPSP synthase, la dihydrofolate reductase et les antigenes viraux. 

8. P.asmide vegetal selon la revendication 1. dans lequel la sequence d'ADN hetero.ogue contient un 
gene codant pour le polypeptide desire. 

9. Plasmide vegetal selon ,a revendication 1, dans .equel la sequence d'ADN heterologue comprend une 
sequence d'ADN codant pour un marqueur selectionnable. 

10. Plasmide vegetal se.on ,a revendication 9, dans leque. le marqueur selectionnab.e est la resistance aux 
antibiotiques. 

11. Plasmide vegeta. se.on la revendication 1. qui ne provoque pas de symotomes de maladies a 
geminivirus dans les plantes. 

12. Plasmide vegetal selon .a revendication 1, dans lequel la sequence d'ADN heterologue contient un 
replicon choisi parmi une levure et une bacterie. 

permettant la liberation d'un plasmide vegetal de ce vecteur vegetal. 

14. Vecteur selon ,a revendication 13. dans lequel le segment du —t codant pour ,a proteine 
d'enveloppe d'un ADN de geminivirus binaire est derive de I ADN de TGMV A. 

15. Vecteur se.on la revendication 13, dans lequel la sequence d'ADN necrologue contient une sequence 
d'ADN codant pour un polypeptide desire. 

et les antigenes viraux. 

17. Vecteur selon ,a revendication 13, dans lequel la sequence d'ADN heterologue contient un gene codant 
pour le polypeptide desire. 

18. Vecteur selon la revendication 13, dans .equel la sequence d'ADN heterologue contient une sequence 
d'ADN codant pour un marqueur selectionnable. 

19. Vecteur selon la revendication 13, dans lequel ,a sequence d'ADN heterologue contient une sequence 
d'ADN codant pour la resistance aux antibiotiques. 

20. Vecteur selon la revendication 13, qui ne provoque pas de symptomes de maladies a geminivirus dans 
les plantes. 

21 Vecteur selon la revendication 13, dans lequel le second segment d'ADN contient une sequence d'ADN 
se repetant directement derivant de la sequence d'ADN heterologue. 
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22. Vecteur selon la revendication 13, dans lequel la sequence d'ADN se repetant directement a environ 50 
a environ 600 nucleotides de long. 

23. Vecteur selon la revendication 13, comprenant en outre un ADN-T d'Agrobacterium tumefaciens. 

' 24 Vecteur selon la revendication 13, comprenant en outre une sequence d'ADN de plasmide microbien 
contenant un replicon microbien choisi parmi une levure et une bacterie. 

pour la proteine d'enveloppe de gemmivirus. 

• 

de I'ADN chromosomique vegetal. 
25 27. Vecteur selon la revendication 26, qui est le P MON382, tel que represent a ,a figure 18 des dessins. 

28. Vecteur selon la revendication 26, qui est le P MON378, tel qu'illustre a la figure 14 des dessins. 

29. Vecteur selon la revendication 26, qui est le P MON417, te, que represent a la figure 25 des dessins. 
30 30. Precede de preparation d'un po.ypeptide desire dans une cellule vegeta.e, comprenant les stades 

CO Ta)trans,ormer une ce.lu.e vegeta.e avec un vecteur qui produit un ADN de plasmide dans une 

c ^t^^ l ~^™^° d ' ADN h ^ ro,o9ue et unsegme r du 

T^'TZ^Ls ^ « **» - s, qU e„o. d'ADN codan, po» - 

w'SKTcJK^L. —a d,„s d eS colons „ p— region de ,a 

45 sequence d'ADN heterologue. 

31. Precede de preparation d'un polypeptide desire dans une ce.lu.e vegeta.e, comprenant les stades 

C ° ( jt^sformer une cellule vegetale avec le vecteur selon .'une que.conque des revendications 13 a 

S cultiver .a cellule vegetale transformee dans des conditions permettant .'expression de cette 
sequence d'ADN heterologue. 

32. Procede se.on les revendications 30 ou 31, comprenant en outre le stade de recuperation du 
55 polypeptide desire dans la cellule vdgetale transformee. 
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la sequence d'ADN codant pour la proteine d'enveloppe du TGMV. 

I'insuline, I'EPSP synthase, la dihydrofolate reductase et des antigenes viraux. 
35 Precede de preparation de plantes genetiquement transformees capab.es de produire un polypeptide 
' desire en quantites plus importantes, comprenant les stades consistant a . 

cLstit u rcodant pour la proteine d'enveloppe d'un ADN de geminivirus bmaire qui Per™t™ 

capables de produire le polypeptide desire en quantites plus importantes. 

36. Precede selon la revendication 35, dans lequel ,'ADN de plasmide est insere dans ,a cellule vegeta.e 
par le procede selon les revendications 30 ou 31 . 

37. Procede selon la revendication 35, qui ne provoque pas de symptomes de ma.adies a geminivirus 
dans les plantes genetiquement transformees. 

38 Procede selon la revendication 35, dans lequel le polypeptide desire est choisi parmi la ^rampheni- 

reductase et des antigenes viraux. 

39 Procede selon la revendication 35, dans lequel le geminivirus binaire est le TGMV. 

• est-: st»-w s srr? cirrt 

sequence d'ADN codant pour la proteine d'enveloppe du TGMV. 

41. Procede pour ,a preparation d'un plasmide vegetal par transformation de cellules vegeta.es avec le 
vecteur selon I'une quelconque des revendications 13 a 29. 

42. Plasmides vegetaux pouvant etre obtenus par le procede selon la revendication 41 . 
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